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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The presentinvention relates to a technique ca-
pable of identifying the position of an identification object
from image data and displaying the identification object
position on an image produced based on the image data.

Description of the Related Art

[0002] A conventional technique can register feature
data representing a main shooting subject (i.e., an iden-
tification object satisfying predetermined conditions) be-
forehand, and identify the main shooting subj ect based
on a comparison between captured image data and the
registered feature data.

[0003] Forexample, as discussed in Japanese Patent
Application Laid-open No. 09-251534, a face region can
be identified based on correlation values between image
data of an identification object and pre-registered face
image data.

[0004] Furthermore, as discussed in Japanese Patent
Application Laid-open No. 10-162118, image data can
be divided into a plurality of frequency band components
and a face region can be estimated. Then, correlation
values between the estimated face region and pre-reg-
istered face image data can be calculated. These tech-
niques are applicable to a camera.

[0005] For example, Japanese Patent Application
Laid-open No. 2003-107335 discloses a camera that can
automate the processes of detecting a main shooting
subject from obtained image data using ashape analysis,
displaying a focus detection area corresponding to the
detected main shooting subject, and performing a focus
adjustment action applied to the focus detection area.
[0006] As discussed in Japanese Patent Application
Laid-open No. 2004-317699, a face region (i.e., main
shooting subject) can be identified by extracting feature
points from image data and a focus detection area can
be set according to the size of the identified region.
[0007] Moreover, asdiscussedin Japanese Patent Ap-
plication Laid-open No. 2004-320286, a face region can
be identified by extracting feature points from image data
and a zoom control can be performed based on the size
of the identified region.

[0008] In general, a region identifying a main shooting
subject (hereinafter, referred to as an "identified region")
can be displayed to enable a user to easily check a shoot-
ing subject identified from image data.

[0009] According to the above-described Japanese
Patent Application Laid-open Nos. 2003-107335 and
2004-317699, a face frame surrounding the identified re-
gioncanbe displayed to leta userrecognize the identified
face region.

[0010] If a main shooting subject is moving, it is useful
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to periodically detect a main shooting subject and update
a frame indicating an identified region (hereinafter, re-
ferred to as "object identification mark"). More specifical-
ly, if a main shooting subject is moving, the mark can be
updated repeatedly to follow the moving shooting sub-
ject. When the update period of the mark is short, the
mark can speedily follow the shooting subject, although
the response is dependent on a calculation speed.
[0011] However, the following problems will arise if the
update period of the mark is short. For example, when a
main shooting subject (i.e., object) is walking or running,
the main shooting subject causes an up-and-down mo-
tion as shown in Fig. 14. In general, human eyes can
easily recognize a lateral (advancing) shift motion of a
walking or running subject.

[0012] However, it is difficult to recognize an up-and-
down motion of a walking subject. For example, if a hu-
man face is set as amain shooting subject and the update
period is short, the mark indicating a walking or running
subj ect willfrequently swing in the up-and-down direction
as shown in Fig. 15. The display of an image frequently
swinging in the up-and-down direction is not similar to
actual recognition by a user and is unnatural for a user
to view.

[0013] Toovercome the above-described problem, the
update period of the mark can be enlarged. However, if
the update period is long, a user may feel that the mark
cannot smoothly follow a moving object. Moreover, if a
shift distance of a main shooting subject is short, it may
be desirable to fix the mark. However, the mark does not
start shifting before the main shooting subject shifts a
certain distance. Thus, a user may feel that the mark
cannot smoothly follow a moving subject.

[0014] Therefore, to improve the visibility of the mark,
the movement of the mark indicating an identified region
of a main shooting subject is required to naturally follow
the movement of a main shooting subject recognized by
a user.

[0015] US2003/103647 discloses a method of display-
ing an image and an imaging apparatus as detailed in
the pre-characterizing portion of each of the independent
claims herein.

SUMMARY OF THE INVENTION

[0016] Various exemplary embodiments, features and
aspects of the present invention are directed to the dis-
play of an obj ect identification mark indicating an iden-
tified region of a main shooting subject that can naturally
follow the movement of the main shooting subject rec-
ognized by a user, and as a result can improve the visi-
bility of the mark.

[0017] The presentinvention inits first aspect provides
a display method as specified in claims 1 to 3.

[0018] The presentinvention in its second aspect pro-
vides a storage medium storing program code as spec-
ified in claim 5.

[0019] The present invention in its third aspect pro-
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vides an imaging apparatus as specified in claim 6.
[0020] Further features and aspects of the present in-
vention will become apparent from the following detailed
description of exemplary embodiments with reference to
the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The accompanying drawings, which are incor-
porated in and constitute a part of the specification, illus-
trate exemplary embodiments, features, and aspects of
the invention and, together with the description, serve to
explain the principles of the invention.

Fig. 1 is a block diagram illustrating an imaging ap-
paratus according to a first exemplary embodiment.
Fig. 2 is a circuit diagram illustrating part of a digital
signal processing circuit of the imaging apparatus
according to the first exemplary embodiment.

Fig. 3 is a flowchart illustrating an example main
processing routine in the imaging apparatus accord-
ing to the first exemplary embodiment.

Fig. 4 is a flowchart illustrating details of identified
region display processing performed by the imaging
apparatus according to the first exemplary embodi-
ment.

Fig. 5 is a flowchart illustrating details of identified
region display processing performed by the imaging
apparatus according to a second exemplary embod-
iment.

Fig. 6 is a flowchart illustrating details of identified
region display processing performed by the imaging
apparatus according to a third exemplary embodi-
ment.

Fig. 7 is a flowchart illustrating details of identified
region display processing performed by the imaging
apparatus according to a fourth exemplary embodi-
ment.

Fig. 8 is a flowchart illustrating details of identified
region display processing performed by the imaging
apparatus according to the fourth exemplary embod-
iment.

Fig. 9 is a flowchart illustrating details of identified
region display processing performed by the imaging
apparatus according to the fourth exemplary embod-
iment.

Fig. 10is anillustration of adisplay screen thatshows
an exemplary image of display image data combined
with an object identification mark indicating the iden-
tified region according to an aspect of the present
invention.

Fig. 11 is an illustration of a positional relationship
between an identified region and an object identifi-
cation mark in the Y-axis direction according to the
first exemplary embodiment.

Fig. 12 is an illustration of a positional relationship
between an identified region and an object identifi-
cation mark in the X-axis direction and the Y-axis

10

15

20

25

30

35

40

45

50

55

direction according to the first exemplary embodi-
ment.

Fig. 13 is an illustration of a positional relationship
between an identified region and an object identifi-
cation mark in the X-axis direction according to the
first exemplary embodiment.

Fig. 14 is an illustration of an example of up-and-
down motion of a walking subject according to an
aspect of the present invention.

Fig. 15is anillustration of a conventional method for
displaying an object identification mark relative to an
identified region.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0022] The following description of exemplary embod-
iments, features and aspects of the present invention is
merely illustrative in nature and is in no way intended to
limit the invention, its application, or uses.

[0023] Itis noted thatthroughoutthe specification, sim-
ilar reference numerals and letters refer to similar items
in the following figures, and thus once an item is defined
in one figure, it need not be discussed for following fig-
ures.

[0024] Exemplary embodiments, features and aspects
of the present invention will now be described in detail
with reference to the drawings.

First Exemplary Embodiment

[0025] Fig. 1is a block diagram illustrating an imaging
apparatus 100 according to a first exemplary embodi-
ment. In the present exemplary embodiment, a device
possessing the capability of displaying an identified re-
gion of a main shooting subject is an electronic still cam-
era or any other device (e.g., a video camera or a mon-
itoring camera) that can process moving images.
[0026] The imaging apparatus 100 includes an objec-
tive lens group 101, a light quantity adjuster 102 incor-
porating adiaphragm apparatus and a shutter apparatus,
an image sensor 103 (e.g., CCD or CMOS) that can con-
vert light flux (i.e., subject image) having passed through
the objective lens group 101 into an electric signal, and
an analog signal processing circuit 104 that can apply
clamp processing and gain processing to an analog sig-
nal produced from the image sensor 103.

[0027] Furthermore, the imaging apparatus 100 in-
cludes an analog/digital (hereinafter, referred to as A/D)
converter 105 that can convert an output of the analog
signal processing circuit 104 into a digital signal. The
output data of the A/D converter 105 is written into a
memory 108 via a digital signal processing circuit 107
and a memory control circuit 106, or via only the memory
control circuit 106.

[0028] The digital signal processing circuit 107 can ap-
ply pixel interpolation processing and color conversion
processing to the data produced from the A/D converter
105 or to the data produced from the memory control
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circuit 106. The digital signal processing circuit 107 can
calculate a value indicating a focused state of a shooting
subject or a luminance value, and can adjust a white bal-
ance based on the image data obtained from the A/D
converter 105.

[0029] The digital signal processing circuit 107 in-
cludes a shooting subject identification circuit 115 that
stores feature data of a main shooting subject before-
hand and can identify a main shooting subject based on
comparison between the image data and the feature da-
ta.

[0030] In the present exemplary embodiment, the
shooting subject identification circuit 115 can identify a
region where ahuman face is presentbased on detection
of features of aface (e.g., eyes, a mouth, or the like) from
the data obtained from the A/D converter 105 or the data
stored in the memory 108. The features of a face are
registered as feature data. In the context of the present
disclosure, the region where a human face (i.e., main
shooting subject) is present is referred to as "identified
region."

[0031] A system control circuit 112 can control an ex-
posure control circuit 113 and a focus control circuit 114
based on calculation results of the digital signal process-
ing circuit 107. More specifically, the system control cir-
cuit 112 performs focus control processing, exposure
control processing, light adjustment processing applied
to the light flux of a shooting subj ect having passed
through the objective lens group 101.

[0032] Furthermore, the system control circuit 112 in-
cludes a display control circuit 117 that can control an
object identification mark indicating an identified region
based onthe identification result obtained by the shooting
subject identification circuit 115.

[0033] The memory control circuit 106 can control the
analog signal processing circuit 104, the A/D converter
105, the digital signal processing circuit 107, the memory
108, and a digital/analog (hereinafter, referred to as
"D/A")converter 109.

[0034] The A/D converted data of the A/D converter
105 is written into the memory 108 via the digital signal
processing circuit 107 and the memory control circuit
106, or via only the memory control circuit 106. The mem-
ory 108 stores the data to be displayed on a display unit
110. The display unit 110 can display the data sent from
the memory 108 via the D/A converter 109.

[0035] Furthermore, the memory 108 stores still imag-
es and moving images captured by the imaging appara-
tus. The memory 108 can function as a work region of
the system control circuit 112. The display unit 110, in-
cluding a liquid crystal monitor, can display image data
obtained in a shooting operation. The display unit 110
can function as an electronic viewfinder that successively
displays captured image data (i.e., shooting subject) ob-
tained by the imaging sensor 103.

[0036] The display unit 110 can arbitrarily turn the dis-
play of image on or off in response to an instruction given
from the system control circuit 112. When the display unit

10

15

20

25

30

35

40

45

50

55

110 is in an OFF state, the imaging apparatus 100 can
reduce electric power consumption. Furthermore, the
display unit 110 can display an operation state and a
message with images and characters in accordance with
the commands of the system control circuit 112.

[0037] An interface 111 can control communications
between the imaging apparatus 100 and an external stor-
age medium (e.g., a memory card or a hard disk). The
imaging apparatus 100 can transfer or receive image da-
ta and management information via the interface 111 to
or from a peripheral device (e.g., other computer or a
printer).

[0038] It is also noted that the interface 111 can be
configured to operate in conformity with the protocol of
a PCMCIA card or a Compact Flash ™ card, and various
types of communication cards can be inserted into a card
slot oftheinterface 111. Forexample, the communication
card can be selected from a LAN card, a modem card, a
USB card, an IEEE1394 card, aP1284 card,aSCSI card,
and a PHS card.

[0039] A posture detection circuit 116 can detect the
imaging apparatus 100 and output the detection result
to the system control circuit 112. The system control cir-
cuit 112 can control the entire action of the imaging ap-
paratus 100. The system control circuit 112 includes a
memory (not shown) that stores constants, variables, and
programs required for the system control circuit 112 to
perform various actions.

[0040] The exposure control circuit 113 can drive the
diaphragm apparatus and the shutter apparatus
equipped in the light quantity adjuster 102. The focus
control circuit 114 can drive a focusing lens and a zoom
lens of the objective lens group 101.

[0041] Fig. 2 is a circuit diagram illustrating an exem-
plary part of the digital signal processing circuit 107. A
color conversion circuit 201 can separate a RGB signal
entered from the A/D converter 105 into a luminance sig-
nal Y and chrominance signals Cr and Cb. A color
processing circuit 202 can apply white balance process-
ing to the chrominance signals Cr and Cb and execute
achromatic processing for thinning the color of high lu-
minance or low luminance. A luminance processing cir-
cuit 203 can apply filter processing, luminance correction
processing, and gamma processing to the luminance sig-
nal Y.

[0042] A contour emphasizing circuit 204 can apply fil-
ter processing to the luminance signal to emphasize the
contour. A band-pass filter (BPF), or a high-pass filter
(HPF), 205 can extract a high-frequency signal from the
luminance signal having been subjected to the luminance
processing. A scene detection circuit 206 can detect a
scene change in a shooting operation. The digital signal
processing circuit 107 can combine the luminance signal
Y with the chrominance signals Cr and Cb and output a
combined YCrCb signal as image data.

[0043] Figs. 3 through 7 are flowcharts illustrating ac-
tions of an electronic camera according to the present
exemplary embodiment. The program for executing the
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processing is stored in the memory of the system control
circuit 112 and can be executed under the control of the
system control circuit 112.

[Exemplary Main Processing Routine]

[0044] Fig. 3is aflowchartillustrating an example main
processing routine performed in the imaging apparatus
100 according to the present exemplary embodiment.
The processing shown in Fig. 3 can be started, for ex-
ample, in response to a turning-on operation of a power
source immediately after a battery is replaced.

[0045] First, in step S101, the system control circuit
112 initializes various flags and control variables stored
in its memory. In step S102, the system control circuit
112 turns the image display of the display unit 110 to an
OFF state as an initial setting. Next, in step S103, the
system control circuit 112 determines whether a shooting
mode is selected for the imaging apparatus 100 that can
execute a shooting operation and record image data.
[0046] If a shooting mode is not selected (i.e., NO in
step S103), the processing flow proceeds to step S104.
In step S104, the system control circuit 112 executes
required processing corresponding to the selected mode,
which is different from the shooting mode. Then, the
processing flow returns to step S103.

[0047] If a shooting mode is selected (i.e., YES in step
S103), the processing flow proceeds to step S105. In
step S105, the system control circuit 112 determines
whether a remaining capacity or an operation state of the
electric power source is at a warning level which may
cause malfunctions in the imaging apparatus 100.
[0048] If the system control circuit 112 determines that
the power source is at or below the warning level (NO at
step S105), the processing flow proceeds to step S107.
In step S107, the system control circuit 112 causes the
display unit 110 to perform a predetermined warning dis-
play with images and sounds. Then, the processing flow
returns to step S103.

[0049] When the system control circuit 112 determines
that the power source is not at the warning level (YES at
step S105), the processing flow proceeds to step S106.
In step S106, the system control circuit 112 determines
whether an operation state of the storage medium is at
awarning level according to which the imaging apparatus
100 may fail in recording and playback of image data.
[0050] If the system control circuit 112 determines that
the storage medium is at the warning level (NO at step
S106), the processing flow proceeds to the above-de-
scribed step S107 to cause the display unit 110 to perform
a predetermined warning display with images and
sounds. Then, the processing flow returns to step S103.
[0051] When the system control circuit 112 determines
that the storage medium is not at the warning level (YES
atstep S106), the processing flow proceeds to step S108.
In step S108, the system control circuit 112 causes the
display unit 110 to display the state of various settings
of the imaging apparatus 100 with images and sounds.
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This is referred to as a user interface (i.e., Ul) display.
Thus, a user can perform various settings.

[0052] Next, in step S109, the system control circuit
112 turns the display unit 110 to an ON state. Further-
more, in step S110, the system control circuit 112 causes
the display unit 110 to start an observation display for
successively displaying images produced from image
data obtained by the image sensor 103. In the observa-
tion display state, the display unit 110 can function as an
electronic viewfinder, which can successively display im-
age data stored in the memory 108.

[0053] Instep S111, the system control circuit 112 ex-
ecutes focus control processing and exposure control
processing based on obtained image data. If the infor-
mation relating to the identified region, i.e., a region
where a face is present (hereinafter, referred to as "face
region") is already obtained, the system control circuit
112 can execute the focus control processing for the de-
tected identified region.

[0054] Although described in detail later, the latest
mark displayed on the display unit 110 may disagree with
the latestidentified region. In this case, the system control
circuit 112 can apply the focus control processing and
the exposure control processing to the identified region
not to the mark. More specifically, in the present exem-
plary embodiment, the region where the focus control
processing and the exposure control processing are ap-
plied may disagree with the mark.

[0055] In step S112, the system control circuit 112
causes the shooting subject identification circuit 115 to
start face identification processing for identifying a face
region from the image data. To reduce the calculation
time for the face identification processing, it is desirable
to produce the total number of image data used for iden-
tification, for example, by appropriately thinning out the
image data of the identification object.

[0056] As atechnique for detecting a face region, var-
ious methods are available. For example, a neural net-
work is a representative method for detecting a face re-
gion based on a learning technique. Furthermore, tem-
plate matching can be used to extract features represent-
ing eyes, a nose, a mouth or any other physical shape
from an image region.

[0057] Furthermore, according to another convention-
al method, the quantity of features, such as a skin color
or an eye shape, can be detected from animage and can
be analyzed using a statistical method (for example, refer
to Japanese Patent Application Laid-open No.
10-232934 or Japanese Patent Application Laid-open
No. 2000-48184).

[0058] Furthermore, it is useful to check the position
of a previously detected face region, or check a clothing
color in the vicinity of a face region, or lower a threshold
of face identification in a central region of a screen. More-
over, it is useful to use a histogram designating a main
shooting subject region and colorinformation beforehand
and obtain correlation values to follow the main shooting
subject.
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[0059] The present exemplary embodiment performs
the face detection processing using a method for detect-
ing a pair of eyes (both eyes), a nose, a mouth, and a
face contour and determining a human face region based
on detected relative positions. Then, the present exem-
plary embodiment sets a rectangular region surrounding
the face region according to the size of a detected face
region and obtains coordinate values of the rectangular
region.

[0060] The coordinate values of the rectangular region
surrounding the face region represent the identified re-
gion of an object (i.e., the position of a main shooting
subject). The region surrounding a face region is not lim-
ited to a rectangular shape and can be an elliptic or other
shape capable of surrounding the contour of a detected
face.

[0061] In step S113, the system control circuit 112 re-
ceives the identification result from the shooting subject
identification circuit 115 and causes the digital signal
processing circuit 107 to execute identified region display
processing for displaying the identified region.

[0062] Details of the identified region display process-
ing of step S113, i.e., characteristic features of the
present exemplary embodiment, will be described in de-
tailwith reference to aflowchart of Fig. 4. In the exemplary
embodiment, if the settings for turning off the observation
display state are determined beforehand, the processing
of steps S109, S110, and step S113 can be omitted.
[0063] In step S114, the system control circuit 112 de-
termines whether the shutter switch SW1 is in a pressed
state. If the shutter switch SW1 is in a no-pressed state
(NO at step S114), the processing flow returns to step
S103. When the shutter switch SW1 is in a pressed state
(YES in step S114), the processing flow proceeds to step
S115.

[0064] In step S115, the system control circuit 112
causes the exposure control circuit 113 to perform an
exposure control so that the luminance value of the iden-
tified region becomes an appropriate value. It is also use-
ful to allocate a large weighting factor to the identified
region so that the luminance value of the entire screen
becomes an appropriate value.

[0065] In this case, the system control circuit 112 can
activate a flashlight device (not shown) in a shooting op-
eration, ifnecessary, depending on the result of exposure
control. Furthermore, the white balance may become in-
appropriate depending on the skin color. To prevent this
drawback, it is useful to exclude the identified region, or
allocate a small weighting factor to the identified region
to appropriately adjust the white balance. Furthermore,
the system control circuit 112 causes the focus control
circuit 114 to perform the focus control so that the iden-
tified region is put into a focused state.

[0066] Instep S116,the system control circuit 112 con-
tinues the observation display state until a user presses
a shutter switch SW2. Next, in step S117, the system
control circuit 112 determines whether the shutter switch
SW2 is inan ON or OFF state (i.e., pressed state). If the
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shutter switch SW2 is in an OFF (non-pressed state)(NO
at step S117) and the shutter switch SW1 is in an OFF
state (i.e., released) (NO at step S118), the processing
flow returns to step S103. On the other hand, ifthe shutter
switch SW2 is in an ON state (i.e., pressed) (YES at step
S117), the processing flow proceeds to step S119. Orin
the alternative, if the shutter switch SW2 is in an OFF
(non-pressed state) (NO at step S117) and the shutter
switch SW1 is in an ON state (i.e., not released) (YES at
step S118), the processing flow returns to step S117.
[0067] InstepS119,the system control circuit 112 per-
forms shooting processing for storing captured image da-
ta into the memory 108. The exposure control circuit 113
drives the diaphragm apparatus according to the expo-
sure control result in step S115 and opens the shutter to
expose the image sensor 103 to the light. Then, the ex-
posure control circuit 113 causes a flashlight apparatus
to emit light, if necessary, and closes the shutter when a
preset exposure time has elapsed.

[0068] The electric charge signal produced from the
image sensor 103 is sent via the A/D converter 105, the
digital signal processing circuit 107, and the memory con-
trol circuit 106, to the memory 108 (i.e., image data stor-
age device). Furthermore, the system control circuit 112
causes the memory control circuit 106 and the digital
signal processing circuit 107 to read the image data
stored in the memory 108 and execute vertical addition
processing.

[0069] Next, the system control circuit 112 causes the
digital signal processing circuit 107 to successively per-
form color processing to produce display image data.
Then, the system control circuit 112 causes the memory
108 to store the processed display image data. In step
S120, the system control circuit 112 causes the display
unit 110 to display shooting images based on the image
data obtained in step S119.

[0070] In step S121, the system control circuit 112
reads the image data stored in the memory 108 and caus-
es the memory control circuit 106 (and the digital signal
processing circuit 107, if necessary) to execute various
image processing steps. Furthermore, the system control
circuit 112 executes recording processing for compress-
ing image data and writing compressed image data into
a storage medium.

[0071] After accomplishing the recording processing
of step S121, the system control circuit 112 determines
in step S122 whether the shutter switch SW2 is in a
pressed state. If in step S122 the switch SW2 is in an
ON state (i.e., pressed state)

[0072] (YES in step S122), the processing flow pro-
ceeds to step S123. If in step S122 the switch SW2 is in
an OFF state (i.e., non-pressed state) (NO in step S122),
the process proceeds to step S124.

[0073] Instep S123, the system control circuit 112 de-
termines whether a continuous shooting flag is in an ON
state. The continuous shooting flag can be stored in an
internal memory of the system control circuit 112 or in
the memory 108. If in step S123 the continuous shooting
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flag is in an ON state (YES in step S123), the processing
flow returns to step S119. Then, in step S119, the system
control circuit 112 causes the imaging apparatus 100 to
shoot the next image to realize continuous shooting.
[0074] If in step S123 the continuous shooting flag is
in an OFF state (NO in step S123), the processing flow
returns to step S122. The system control circuit 112 re-
peats the processing of steps S122 and S123 until the
shutter switch SW2 is turned off.

[0075] If the shutter switch SW2 is turned off immedi-
ately after the recording processing of step S121 is ac-
complished, the processing flow proceeds to step S124
from step S122. Similarly, if a user continuously presses
the shutter switch SW2 to display and confirm captured
images after the recording processing of step S121 is
accomplished, and then if the shutter switch SW2 is
turned off, the processing flow proceeds to step S124
from step S122.

[0076] Then, in step S124, the system control circuit
112 determines whether a predetermined display time
has elapsed. After the predetermined display time has
elapsed (YES in step S124), the processing flow pro-
ceeds to step S125. In step S125, the system control
circuit 112 causes the display unit 110 to operate in an
observation display state. The processing flow proceeds
to step S126. With the above-described processing, a
user can confirm the captured images on the display unit
110 and the display unit 110 can start the observation
display for the next shooting operation.

[0077] In step S126, the system control circuit 112 de-
termines whether the shutter switch SW1 is in an ON
state. If the shutter switch SW1 is in an ON state (YES
in step S126), the processing flow proceeds to step S117
for the next shooting operation. When the shutter switch
SW1 is turned off (NO in step S126), the system control
circuit 112 accomplishes the sequential shooting actions.
The processing flow returns to step S103.

[Exemplary Identified Region Display Processing]

[0078] Next, exemplary identified region display
processing performed in step S113 of Fig. 3 (i.e., char-
acteristic features of the present exemplary embodiment)
will be described in more detail.

[0079] The present exemplary embodiment can
change the update period of the mark indicating an iden-
tified region of a main shooting subject depending on the
shift direction of the main shooting subject. The present
exemplary embodiment can change the follow-up re-
sponse characteristics of the mark depending on the shift
direction of the main shooting subject.

[0080] Fig. 4 is a flowchart illustrating details of the
identified region display processing according to the
present exemplary embodiment. In step S201, the dis-
play control circuit 117 determines whether a mark (i.e.,
a frame indicating an identified region) is already dis-
played on display unit 110 which is set in the observation
display state. If the mark is not displayed (NO in step
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S201), the processing flow proceeds to step S202.
[0081] Instep S202, the display control circuit 117 de-
termines whether a face region is identified in step S112.
If the face region detection is successful (YES in step
S202), the processing flow proceeds to step S203. If the
face region detection fails (NO in step S202), the display
control circuit 117 terminates the processing of this rou-
tine.

[0082] Instep S203, the display control circuit 117 sets
a variable N to 1. The processing flow proceeds to step
S204. In step S204, the display control circuit 117 in-
structs the digital signal processing circuit 107 to combine
the display image data stored in the memory 108 with
the mark created based on the coordinate values of the
identified region obtained in step S112. Next, the display
control circuit 117 causes the display unit 110 to display
an image of combined image data crated by the digital
signal processing circuit 107. Then, the display control
circuit 117 terminates the processing of this routine.
[0083] Fig. 10 illustrates an example display screen of
the display unit 110 that shows an exemplary image of
display image data combined with a mark indicating the
identified region which is created by the digital signal
processing circuit 107. It is desirable to determine the
size of the mark so that the mark is sufficiently large to
encompass a face of a walking subject who may move
in the up-and-down direction, with reference to the size
of an identified face.

[0084] More specifically, it is desirable that a face re-
mains within the mark if the face shifts in the Y-axis di-
rection by anamount equal to areference value A2. Here,
the X-axis is an axis extending in the horizontal direction
of the screen, while the Y-axis is an axis extending in the
vertical direction of the screen.

[0085] After the processing of the flowchart shown in
Fig. 4 is accomplished, ifin step S114 of Fig. 3 the shutter
switch SW1 is not pressed (NO in step S114), the
processing flow returns again to step S103 of Fig. 3.
Namely, when the shutter switch SW1 is not pressed,
the display control circuit 117 repeats the processing of
step S110 (i.e., the processing for successive display of
captured images) through step S113 (i.e., the processing
for displaying an mark). Therefore, when a human body
(i.e., an identification object) moves, the mark shifts cor-
respondingly.

[0086] Now, referring back to step S201, if the frame
indicating an identified region is already displayed on the
display unit 110 (YES in step S201), the processing flow
proceeds to step S205. In step S205, the display control
circuit 117 determines whether a face region is identified
in step S112. If the face region detection is successful
(YES in step S205), the processing flow proceeds to step
S206. When the face region detection fails (NO in step
S205), the processing flow proceeds to step S217 in
which the display control circuit 117 erases the mark and
terminates the processing of this routine.

[0087] In step S206, the display control circuit 117
compares the central coordinates (X, Y) of the mark al-
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ready displayed with central coordinates of the latest
identified region involving the main shooting subject.
Then, the display control circuit 117 separates the differ-
ences of the compared central coordinates into X-axis
and Y-axis components, and obtains an X-axis difference
AX and a Y-axis difference AY.

[0088] When the imaging apparatus 100 is positioned
upright, an up-and-down motion of a human body occurs
in the Y-axis direction. The display control circuit 117 can
store five latest AY values, at maximum, into the internal
memory (not shown) of the system control circuit 112.
[0089] In step S207, the display control circuit 117 de-
termines whether the AX value obtained in step S206 is
less than a reference value A1. The reference value A1
is a sufficiently small value compared to the up-and-down
motion of a walking subject. If the AX value is equal to or
greater than the reference value A1 (NO in step S207),
the processing flow proceeds to step S208.

[0090] Instep S208,thedisplay controlcircuit117 adds
the AX value to the X-axis central coordinate X of the
main shooting subject. In other words, the display control
circuit 117 updates the X-axis central coordinate of the
mark by the latest X-axis central coordinate of the iden-
tified region of the main shooting subject. Then, the
processing flow proceeds to step S209.

[0091] On the other hand, when the AX value is less
than the reference value A1 (YES in step S207), the dis-
play control circuit 117 determines that a difference be-
tween the mark and the latest identified region of the
main shooting subject, in the X-axis direction, is a small
and negligible value. Thus, the display control circuit 117
maintains the X-axis central coordinate of the mark.
Then, the processing flow proceeds to step S209.
[0092] In step S209, the display control circuit 117 de-
termines whether the AY value obtained in step S206 is
less than a reference value A2. The reference value A2
is a value slightly greater than a variation width of the up-
and-down motion of a walking subject.

[0093] If the AY value is equal to or greater than the
reference value A2 (NO in step S209), the processing
flow proceeds to step S210. In step S210, the display
control circuit 117 determines that the identified region
has changed due to areason other than the up-and-down
motion of a walking subject. Thus, the display control
circuit 117 adds the AY value to the Y-axis central coor-
dinate Y of the main shooting subject. In other words, the
display control circuit 117 updates the Y-axis central co-
ordinate of the mark by the latest Y-axis central coordi-
nate of the identified region of the main shooting subject.
Then the process flow proceeds to step S215.

[0094] On the other hand, when the AY value is less
than the reference value A2 (YES in step S209), the dis-
play control circuit 117 determines that the identified re-
gion has shifted in the Y-axis direction due to the up-and-
down motion of a walking subject. Then, the processing
flow proceeds to step S211.

[0095] In step S211, the display control circuit 117 de-
termines whether the variable N is less than 5. If the var-
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iable N is less than 5 (YES in step S211), the display
control circuit 117 increments the variable N by 1 (refer
to step S212). Then, the processing flow proceeds to
step S216.

[0096] The processing of steps S211 and S212 is an
operation required to wait for the elapse of a predeter-
mined time (equivalent to five consecutive detections of
the same face region). In other words, if the identified
region is changed in the Y-axis direction by the up-and-
down motion of a walking subject, the display control cir-
cuit 117 does not immediately shift the mark in the Y-axis
direction to follow up the identified region.

[0097] The shift of the mark in the Y-axis direction can
be suppressed adequately so that a user is not forced to
frequently recognize the up-and-down motion of the mark
caused by a walking subject.

[0098] The advancing direction of a shooting subject
may be an oblique or up-and-down direction relative to
the screen. A large deviation may be caused between
the mark and the identified region before accomplishing
five consecutive face detections. In this case, the
processing flow proceeds to step S210 from step S209
before the variable N reaches 5. The mark can promptly
follow the identified region.

[0099] Itis noted that the reference value in the deter-
mination step S211 is not limited to 5 and can be set to
any other appropriate value selectable depending on the
calculation speed of the shooting subject identification
circuit 115.

[0100] Ifinstep S211 the variable N is equal to or great-
erthan 5(NOinstep S211), the processing flow proceeds
to step S213 to update the Y-axis central coordinate of
the mark by the Y-axis central coordinate of the latest
identified region of the main shooting subject.

[0101] Instep S213, the display control circuit 117 de-
termines whether the AY value is less than the reference
value A1. Namely, the display control circuit 117 deter-
mines whether a difference between the mark and the
latest identified region of the main shooting subj ect, in
the Y-axis direction, is a small and negligible value. If the
AY value is equal to or greater than the reference value
A1 (NO in step S213), the processing flow proceeds to
step S214. When the AY value is less than the reference
value A1 (YES in step S213), the display control circuit
117 maintains the Y-axis central coordinate of the mark.
Then, the processing flow proceeds to step S215.
[0102] In step S214, the display control circuit 117
reads the past five AY values stored in the internal mem-
ory (not shown) of the system control circuit 112 and cal-
culates an average value AYave of the past five AY val-
ues. The display control circuit 117 obtains a new Y-axis
central coordinate of the mark by adding the average
value AYave to the Y-axis central coordinate Y of the
mark.

[0103] Using the average value of the past five AY val-
ues is useful because the mark can be adjusted to the
center of the up-and-down motion of a walking subject.
[0104] In step S215, the display control circuit 117 in-
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itializes the variable N to 1 in response to the resetting
of the Y-axis central coordinate of the mark. Then, the
processing flow proceeds to step S216.

[0105] In step S216, the display control circuit 117 in-
structs the digital signal processing circuit 107 to display
the maintained mark, or a new mark which is created
based on the updated central coordinates. Then, the dis-
play control circuit 117 causes the display unit 110 to
display a composite image of the image data produced
from the digital signal processing circuit 107. Then, the
display control circuit 117 terminates the processing of
this routine.

[0106] Asdescribedabove,the presentexemplary em-
bodiment sets the reference value A2 with reference to
a variation width of the up-and-down motion of a walking
subject, and determines whether a change of the identi-
fiedregionislessthanthereference value A2, exclusively
in the Y-axis direction corresponding to the up-and-down
motion of a walking subject.

[0107] Ifitis determined that the change of the identi-
fied region in the Y-axis direction is caused by the up-
and-down motion of a walking subject, the frequency for
updating the position of the mark (indicating the identified
region) can be suppressed exclusively in the Y-axis di-
rection.

[0108] Fig. 11 illustrates a position relationship be-
tween anidentified region and a mark when a main shoot-
ing subject is walking. If the change of the identified re-
gion in the Y-axis direction is less than the reference val-
ue A2, the Y-axis coordinate value of the mark does not
change.

[0109] Fig. 12 illustrates the change of a mark in the
X-axis direction and the Y-axis direction. The numeral in
parentheses is a value of the variable N. When the var-
iable N changes from 1 to 2, 3, and 4, the X-axis coordi-
nate value of the mark is updated successively while the
Y-axis coordinate value remains the same.

[0110] Fig. 13 illustrates a positional relationship be-
tween a mark and an identified region, when the change
in the Y-axis direction exceeds the reference value A2.
Fig. 13 illustrates an exemplary shooting subject (i.e.,
identification object) first walking down a slope, then step-
ping down, and walking on a flat surface.

[0111] When the shooting subject is walking on a de-
scending slope or stepping down, the position difference
between the mark and the identified region may exceed
the reference value A2 before the variable N reaches 5.
If the up-and-down motion of the identified region ex-
ceeds the reference value A2, the Y-axis coordinate val-
ue can be properly updated each time. Thus, the mark
can follow the identified region with faster response char-
acteristics comparable to the follow-up operation in the
X-axis direction.

[0112] In this manner, the present exemplary embod-
iment can prevent the mark from frequently shifting in the
up-and-down direction in response to the up-and-down
motion of a walking subject. Meanwhile, the present ex-
emplary embodiment can promptly shift the mark in the
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lateral direction to accurately follow up the main shooting
subject.

[0113] Therefore, the present exemplary embodiment
can display a mark capable of resembling the actual
movement of a main shooting subject viewed and rec-
ognized by a user. Thus, the visibility of the mark can be
greatly improved.

[0114] The present exemplary embodiment separates
the difference between an mark and an identified region
into X-axis and Y-axis components. However, it is useful
to separate the difference components into three or more
directions. The mark can be accurately prevented from
being frequently updated if a change occurs in the up-
and-down direction of a main shooting subject.

[0115] Furthermore, the method for detecting a main
shooting subject is not limited to the detection of ahuman
face. The main shooting subject (i.e., identification ob-
ject) may be any other moving object, such as for exam-
ple a vehicle, ship, aircraft, animal, etc..

[0116] Moreover, itis useful to lower the follow-up re-
sponse of an mark when a main shooting subject shows
an up-and-down motion in an automotive vehicle or an
electric car. Additionally, it is useful to enable a user to
arbitrarily select the follow-up response characteristics
of a mark.

Second Exemplary Embodiment

[0117] Next, another exemplary embodiment of the
identified region display processing performed in step
S113 of Fig. 3 will be described. According to the flow-
chart of Fig. 4, the update period for updating the position
of the mark indicating the identified region in the Y-axis
direction is enlarged when the identified region changes
in the Y-axis direction due to the up-and-down motion of
a walking subject.

[0118] The second exemplary embodimentis charac-
terized in that a ratio of a shift distance of the mark rel-
ative to a distance between the mark and an identified
region in the Y-axis direction is small compared to a ratio
in the X-axis direction.

[0119] More specifically, the follow-up speed of the
mark in the Y-axis direction is slow compared to the fol-
low-up speed in the X-axis direction. Thus, by slowing
the movement of the mark in the Y-axis direction, the
different follow-up response characteristics of the mark
can be provided depending on the shift direction of the
main shooting subject.

[Exemplary Identified Region Display Processing]

[0120] Fig. 5 is a flowchart illustrating example details
of identified region display processing performed by the
imaging apparatus according to the second exemplary
embodiment, wherein steps similar to those of Fig. 4 are
denoted by the same step numbers.

[0121] Instep S201, the display control circuit 117 de-
termines whether a mark (i.e., aframe indicating an iden-
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tified region) is already displayed on display unit 110
which is set in the observation display state. If the mark
is not displayed (NO in step S201), the processing flow
proceeds to step S202. If the mark is displayed (YES in
step S201), the processing flow proceeds to step S205.
[0122] In step S202, the display control circuit 117 de-
termines whether a face region is identified in step S112.
If the face region detection is successful (YES in step
S202), the processing flow proceeds to step S204. If the
face region detection fails (NO in step S202), the display
control circuit 117 terminates the processing of this rou-
tine.

[0123] The present exemplary embodiment does not
enlarge the update period of the mark. Therefore, the
processing of step S203 shown in Fig. 4 (i.e., the process-
ing for setting the variable N) is omitted.

[0124] In step S204, the display control circuit 117 in-
structs the digital signal processing circuit 107 to combine
the display image data stored in the memory 108 with
the mark created based on the coordinate values of the
identified region obtained in step S112. Next, the display
control circuit 117 causes the display unit 110 to display
an image of combined image data crated by the digital
signal processing circuit 107. Then, the display control
circuit 117 terminates the processing of this routine.
[0125] Itis desirable to determine the size of the mark
so that the mark is sufficiently large to encompass a face
of a walking subject who may move in the up-and-down
direction, with reference to the size of an identified face.
[0126] In step S205, the display control circuit 117 de-
termines whether a face region is identified in step S112.
If the face region detection is successful (YES in step
S205), the processing flow proceeds to step S206. When
the face region detection is failed (NO in step S205), the
processing flow proceeds to step S217 in which the dis-
play control circuit 117 erases the mark and terminates
the processing of this routine.

[0127] In step S206, the display control circuit 117
compares the central coordinates (X, Y) of the mark al-
ready displayed with central coordinates of the latest
identified region involving the main shooting subject.
Then, the display control circuit 117 separates the differ-
ences of the compared central coordinates into X-axis
and Y-axis components, and obtains an X-axis difference
AX and a Y-axis difference AY.

[0128] In step S207, the display control circuit 117 de-
termines whether the AX value obtained in step S206 is
less than the reference value A1. If the AX value is less
than the reference value A1 (YES in step S207), the dis-
play control circuit 117 maintains the X-axis central co-
ordinate X of the mark. The processing flow proceeds to
step S213. If the AX value is equal to or greater than the
reference value A1 (NO in step S207), the processing
flow proceeds to step S208.

[0129] Instep S208,thedisplay controlcircuit117 adds
the AX value to the X-axis central coordinate X of the
main shooting subject. Then, the processing flow pro-
ceeds to step S213.
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[0130] Instep S213, the display control circuit 117 de-
termines whether the AY value is less than the reference
value A1. Ifthe AY value is less than the reference value
A1 (YES in step S213), the display control circuit 117
maintains the Y-axis central coordinate Y of the mark.
The processing flow proceeds to step S216. If the AY
value is equal to or greater than the reference value A1
(NO in step S213), the processing flow proceeds to step
S301.

[0131] Instep S301, the display control circuit 117 mul-
tiplies the AY value with a constant K and adds the mul-
tiplied value to the Y-axis central coordinate Y of the main
shooting subject. The processing flow proceeds to step
S216. The constant Kis smallerthan 1, so thatthe central
coordinates of the main shooting subject can gradually
approach the central coordinates of the identified region.
The follow-up speed appears raised by increasing the
constant K and appears lowered by decreasing the con-
stant K.

[0132] In step S216, the display control circuit 117 in-
structs the digital signal processing circuit 107 to display
the maintained mark, or a new mark created based on
the updated central coordinates. Then, the display con-
trol circuit 117 causes the display unit 110 to display a
composite image of the image data produced from the
digital signal processing circuit 107. Then, the display
control circuit 117 terminates the processing of this rou-
tine.

[0133] As is apparent from the foregoing description,
the present exemplary embodiment can control the
movement of the mark to follow an identified region by
an amount smaller than a distance between the mark
and the identified region, exclusively in the Y-axis direc-
tion corresponding to the up-and-down motion of a walk-
ing subject. Thus, the mark can follow an identified region
with an appropriate time constant.

[0134] On the other hand, no time constant is set for a
follow-up operation in the X-axis direction. Thus, similar
to the firstexemplary embodiment, the mark can promptly
follow a main shooting subject if the main shooting sub-
ject shifts in the lateral direction.

[0135] Therefore, similar to the first exemplary embod-
iment, the present exemplary embodiment can display a
mark capable of resembling the actual movement of a
main shooting subj ect viewed and recognized by a user.
Thus, the visibility of the mark can be greatly improved.
[0136] Moreover, similar to the processing of step
S301, appropriate constants can be multiplied to the dif-
ferences between the central coordinates of the mark
and the central coordinates of the latest identified region
of the main shooting subject in both the X-axis direction
and the Y-axis direction.

[0137] If the constant for the X-axis direction is larger
than the constant for the Y-axis direction, the shiftamount
of the mark relative to a deviation between the identified
region and the mark in the Y-axis direction is small com-
pared to the shift amount in X-axis direction.

[0138] In this manner, the present exemplary embod-
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iment can reduce the follow-up speed of the mark when
a main shooting subject shifts in the vertical direction
compared to the follow-up speed in the lateral direction.
[0139] If desirable, the addition formula shown in step
S210 of Fig. 4 of the first exemplary embodiment can be
replaced with the addition formula used in step S301 of
Fig. 5 of the present exemplary embodiment.

Third Exemplary Embodiment

[0140] Next, another exemplary embodiment of the
identified region display processing performed in step
S113 of Fig. 3 will be described. The above-described
flowchart shown in Fig. 5 uses the reference value A1 to
determine updating or maintaining the central coordi-
nates of the mark in both the X-axis direction and the Y-
axis direction.

[0141] The third exemplary embodiment determines
whether the central coordinates of the mark can be up-
dated or maintained, by using the reference value A1 in
the X-axis direction and the reference value A2 in the Y-
axis direction. In other words, the third exemplary em-
bodiment uses two different reference values (i.e., refer-
ence values A1 and A2) to change the follow-up response
characteristics of the mark depending on a shift direction
of the main shooting subject.

[Exemplary Identified Region Display Processing]

[0142] Fig. 6 is a flowchart illustrating example details
of identified region display processing performed by the
imaging apparatus according to the third exemplary em-
bodiment, wherein steps similar to those of Fig. 5 are
denoted by the same step numbers. The third exemplary
embodiment is different from the second exemplary em-
bodiment in that the determination of step S213 shown
in Fig. 5 is replaced by determination of step S209 of Fig.
6.

[0143] In the present exemplary embodiment, in step
S206, the display control circuit 117 compares the central
coordinates (X, Y) of the mark already displayed with
central coordinates of the latestidentified region involving
the main shooting subject. Then, the display control cir-
cuit 117 separates the differences of the compared cen-
tral coordinates into X-axis and Y-axis components, and
obtains an X-axis difference AX and a Y-axis difference
AY.

[0144] In step S207, the display control circuit 117 de-
termines whether the AX value obtained in step S206 is
less than the reference value A1. As described above,
the reference value A1 is a sufficiently small value com-
pared to the up-and-down motion of a human body during
walking.

[0145] If the AX value is equal to or greater than the
reference value A1 (NO in step S207), the display control
circuit 117 adds the AX value to the X-axis central coor-
dinate X of the main shooting subject (refer to step S208).
When the AX value is less than the reference value A1
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(YES in step S207), the display control circuit 117 main-
tains the x-axis central coordinate X of the mark. Then,
the processing flow proceeds to step S209.

[0146] In step S209, the display control circuit 117 de-
termines whether the AY value obtained in step S206 is
less than the reference value A2 (which is larger than the
reference value A1 used in step S207). The reference
value A2 is a value slightly greater than a variation width
of the up-and-down motion of a walking subject. The dis-
play control circuit 117 uses the reference value A2 to
determine whether the shift motion of the identified region
in the Y-axis direction is caused by the up-and-down mo-
tion of a walking subject.

[0147] If the AY value is equal to or greater than the
reference value A2 (NO in step S209), the display control
circuit 117 multiplies the AY value with a constants K and
adds the multiplied value to the Y-axis central coordinate
Y of the main shooting subject (refer to step S301). In
other words, the display control circuit 117 updates the
Y-axis central coordinate of the mark by the latest Y-axis
central coordinate of the identified region of the main
shooting subject.

[0148] On the other hand, when the AY value is less
than the reference value A2 (YES in step S209), the dis-
play control circuit 117 maintains the Y-axis central co-
ordinate of the mark. Then, the processing flow proceeds
to step S216.

[0149] Asdescribedabove, the presentexemplary em-
bodiment obtains the differences between the central co-
ordinates of the mark and the central coordinates of the
latest identified region of the main shooting subject and
determines based on the obtained differences whether
the central coordinates of the mark can be updated.
[0150] The reference value for the Y-axis difference is
larger than the reference value for the X-axis difference.
The reference value for the Y-axis direction includes a
variation width of the up-and-down motion of a walking
subject.

[0151] Thus, the present exemplary embodiment can
suppress the mark from frequently shifting up-and-down
in response to the up-and-down motion of a walking subj
ect. On the other hand, the mark can promptly follow a
main shooting subject if the main shooting subject shifts
in the lateral direction.

[0152] Therefore, the present exemplary embodiment
can display a mark capable of resembling the actual
movement of a main shooting subject viewed and rec-
ognized by a user. Thus, the visibility of the mark can be
greatly improved.

[0153] Although the present exemplary embodiment
includes the processing of step S207 in which the display
control circuit 117 determines whether the AX value ob-
tained in step S206 is less than the reference value A1,
this processing can be omitted if the AX value is always
added to the X-axis central coordinate X of the main
shooting subject.
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Fourth Exemplary Embodiment

[0154] Furthermore, another exemplary embodiment
of the identified region display processing performed in
step S113 of Fig. 3 will be described. A fourth exemplary
embodiment can determine a change in size of the iden-
tified region and also can determine a posture of the im-
age sensor 103.

[Exemplary Identified Region Display Processing]

[0155] Figs. 7 through 9 are flowcharts illustrating de-
tails of the identified region display processing performed
by the imaging apparatus according to the fourth exem-
plary embodiment, wherein steps similar to those of Figs.
4 through 6 are denoted by the same step numbers.
[0156] In step S201, the display control circuit 117 de-
termines whether a mark (e.g. a frame indicating aniden-
tified region) is already displayed on display unit 110
which is set in the observation display state. If the mark
is not displayed (NO in step S201), the processing flow
proceeds to step S202. If the mark is displayed (YES in
step S201), the processing flow proceeds to step S205.
[0157] In step S202, the display control circuit 117 de-
termines whether a face region is identified in step S112.
If the face region detection is successful (YES in step
S202), the processing flow proceeds to step S203. If the
face region detection fails (NO in step S202), the display
control circuit 117 terminates the processing of this rou-
tine.

[0158] Instep S203, the display control circuit 117 sets
a variable N to 1. The processing flow proceeds to step
S204. In step S204, the display control circuit 117 in-
structs the digital signal processing circuit 107 to combine
the display image data stored in the memory 108 with
the mark created based on the coordinate values of the
identified region obtained in step S112. Then, the display
control circuit 117 causes the display unit 110 to display
an image of combined image data crated by the digital
signal processing circuit 107 including the mark. Then,
the processing flow proceeds to step S601.

[0159] Itis desirable to determine the size of the mark
so that the mark is sufficiently large to encompass a face
of a walking subject who may move in the up-and-down
direction, with reference to the size of an identified face.
[0160] Instep S601, the display control circuit 117 sets
a reference value A2 based on the size of the mark, or
based on the size of an identified face.

[0161] Forexample, whenafaceislarge, a mainshoot-
ing subject is positioned near the imaging apparatus.
Thus, when a detected face is large, the up-and-down
motion of a walking subject is large. Hence, the present
exemplary embodiment sets a large reference value A2
when the mark is large, or when the identified face is
large. After an appropriate reference value A2 is set, the
display control circuit 117 terminates the processing of
this routine.

[0162] In step S205, the display control circuit 117 de-
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termines whether a face region is identified in step S112.
If the face region detection is successful (YES in step
S205), the processing flow proceeds to step S602. When
the face region detection fails (NO in step S205), the
processing flow proceeds to step S217 in which the dis-
play control circuit 117 erases the mark and terminates
the processing of this routine.

[0163] Instep S602, the display control circuit 117 cal-
culates AXa (representing a width difference in the X-
axis direction between the displayed mark and the iden-
tified region) and AYa (representing a width difference in
the Y-axis direction between the mark and the identified
region).

[0164] In step S603, the display control circuit 117 de-
termines whether at least one of the AXa value and the
AYavalue is in a predetermined level that a general user
can recognize a change in the size of face. If there is a
significant change (YES in step S603), the processing
flow proceeds to step S616 where the display control
circuit 117 sets a new mark.

[0165] Alternatively, the display control circuit 117 can
determine whether a ratio of X-axis and Y-axis widths of
the mark, or a ratio of X-axis and Y-axis widths of the
identified region, isin a predetermined level thata general
user can recognize a change in the direction of a face.
[0166] If there is a significant change (YES in step
S603) the processing flow proceeds to step S616 where
the display control circuit 117 sets a new mark. If there
is no substantial change in the shape and size of the
identified region (NO in step S603), the processing flow
proceeds to step S206. In step S616, the display control
circuit 117 sets coordinate values and the size of a new
mark with reference to the coordinate values of the latest
identified region, irrespective of the already displayed co-
ordinate values and the size of the mark.

[0167] In step S617, the display control circuit 117 in-
itializes the variable N to 1 in response to the renewal of
the mark. Then the processing flow proceeds to step
S216 of Fig. 8.

[0168] In step S206, the display control circuit 117
compares the central coordinates (X, Y) of the mark al-
ready displayed with central coordinates of the latest
identified region involving the main shooting subject.
Then, the display control circuit 117 separates the differ-
ences of the compared central coordinates into X-axis
and Y-axis components, and obtains an X-axis difference
AX and a Y-axis difference AY.

[0169] In step S604, the display control circuit 117 ob-
tains posture information of the imaging apparatus 100
from the posture detection circuit 116. In the present ex-
emplary embodiment, the posture detection circuit 116
can provide posture information. However, the shooting
subject identification circuit 115 can estimate the posture
of the image sensor 103 based on the orientation of an
identified face. In this case, the posture detection circuit
116 does not obtain posture information. The processing
flow proceeds to step S605 of Fig. 8.

[0170] In step S605, the display control circuit 117 de-
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termines whether a walking subject causes an up-and-
down motion in the Y-axis direction or in the X-axis di-
rection, based on the posture information. If the Y-axis
direction is the vertical direction (YES in step S605), the
processing flow proceeds to step S207. If the Y-axis di-
rection is not the vertical direction (NO in step S605), the
processing flow proceeds to step S607 of Fig. 9.

[0171] Insteps S207 through S215, the display control
circuit 117 performs processing similar to steps S207
through S215 in Fig. 4. Then, the processing flow pro-
ceeds to step S216.

[0172] Furthermore, in steps S607 through S615 of
Fig. 9, the display control circuit 117 performs processing
similar to steps S207 through S215 in Fig. 8 except that
the X-axis direction and the Y-axis direction are switched.
Then, the processing flow proceeds to step S216.
[0173] Then, in step S216, the display control circuit
117 instructs the digital signal processing circuit 107 to
display the maintained mark, or a new mark created
based on the updated central coordinates. Then, the dis-
play control circuit 117 causes the display unit 110 to
display a composite image of the image data and mark
produced from the digital signal processing circuit 107.
Then, the processing flow proceeds to step S618.
[0174] Instep S618, the display control circuit 117 sets
a reference value A2 based on the size of an updated
mark, or based on the size of an identified face. Then,
the display control circuit 117 terminates the processing
of this routine.

[0175] Asdescribed above, the presentexemplary em-
bodiment can change the reference value A2 used for
determining a variation width in the up-and-down motion
of a walking subject depending on the size of the mark
or the size of the identified face. Thus, the present ex-
emplary embodiment can appropriately determine the
up-and-down motion of a walking subject with reference
to the distance of the main shooting subject.

[0176] Moreover, the present exemplary embodiment
can use the posture information of the image sensor 103
to adjust the direction corresponding to the up-and-down
motion of a walking subject. The present exemplary em-
bodiment can appropriately determine the up-and-down
motion of a walking subject even if a user changes the
posture or orientation of the imaging apparatus 100.
[0177] The direction corresponding to the up-and-
down motion of a walking subject is not limited to the
above-described

[0178] X-axis and Y-axis directions. Therefore, it is
usefulto setthree or more directions to accurately identify
a direction corresponding to the up-and-down motion of
a walking subject and precisely control the follow-up re-
sponse characteristics of the display frame.

Other Exemplary Embodiments
[0179] The above-described exemplary embodiments

have been described with reference to the imaging ap-
paratus 100. However, application of the present inven-

10

15

20

25

30

35

40

45

50

55

13

tion is not limited to an imaging apparatus.

[0180] For example, the present invention can be ap-
plied to a computer apparatus that can input image data
from a monitoring camera and can display an image on
a cathode ray tube (CRT) display or other display unit.
The computer apparatus can detect a face region from
the image data and create a mark based on the identifi-
cation result, and can cause an associated display unit
to display a composite image including the mark.
[0181] Moreover, the computer apparatus according
to the present invention can obtain image data from an
external storage medium or via the Internet and identify
a face region from the image data, and can cause an
associated display unit to display a composite image in-
cluding a mark based on the identification result.
[0182] In this case, if the image data include posture
information, the computer apparatus can determine a di-
rection corresponding to the up-and-down motion of a
walking subject based on the posture information.
[0183] Furthermore, software program code for realiz-
ing the functions of the above-described exemplary em-
bodiments can be supplied to a system or an apparatus
connected to various devices. A computer (or CPU or
micro-processor unit (MPU)) in the system or the appa-
ratus can execute the program to operate the devices to
realize the functions of the above-described exemplary
embodiments. Accordingly, the present invention en-
compasses the program code installable in a computer
when the functions or processes of the exemplary em-
bodiments can be realized by the computer.

[0184] In this case, the program code itself can realize
the functions of the exemplary embodiments. The equiv-
alents of programs can be used if they possess compa-
rable functions. Furthermore, the present invention en-
compasses the means for supplying the program code
to a computer, such as a storage (or recording) medium
storing the program code. In this case, the type of pro-
gram can be any one of object code, interpreter program,
and OS script data. A storage medium supplying the pro-
gram can be selected from any one of a flexible (floppy)
disk, a hard disk, an optical disk, a magneto-optical (MO)
disk, a compact disk - ROM (CD-ROM), a CD-recordable
(CD-R), a CD-rewritable (CD-RW), a magnetic tape, a
nonvolatile memory card, a ROM, and a DVD (DVD-
ROM, DVD-R).

[0185] The method for supplying the program includes
accessing a home page on the Internet using the brows-
ing function of a client computer, when the home page
allows each user to download the computer program of
the present invention, or compressed files of the pro-
grams having automatic installing functions, to a hard
disk or other recording medium of the user.

[0186] Furthermore, the program code constituting the
programs of the present invention can be divided into a
plurality of files so that respective files are downloadable
from different home pages. Namely, the present inven-
tion encompasses WWW servers that allow numerous
users to download the program files so that the functions
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or processes of the present invention can be realized on
their computers.

[0187] Moreover, enciphering the programs of the
present invention and storing the enciphered programs
on a CD-ROM or comparable recording medium is an
exemplary method when the programs of the present in-
vention are distributed to the users. The authorized users
(i.e., users satisfying predetermined conditions) are al-
lowed to download key information from a page on the
Internet. The users can decipher the programs with the
obtained key information and can install the programs on
their computers. When the computerreads and executes
the installed programs, the functions of the above-de-
scribed exemplary embodiments can be realized.
[0188] Additionally, an operating system (OS) or other
application software running on the computer can exe-
cute part or all of the actual processing based on instruc-
tions of the programs.

[0189] Also, the program code read out of a storage
medium can be written into a memory of a function ex-
pansion board equipped in a computer or into a memory
of a function expansion unit connected to the computer.
In this case, based on an instruction of the program, a
CPU provided on the function expansion board or the
function expansion unit can execute part or all of the
processing so that the functions of the above-described
exemplary embodiments can be realized.

[0190] The present invention can be applied to a sys-
tem including plural devices or can be applied to a single
apparatus. Moreover, the present invention can be real-
ized by supplying the program (s) to a system or an ap-
paratus. In this case, the system or the apparatus can
read the software program relating to the present inven-
tion from a storage medium.

[0191] While the presentinvention has been described
with reference to exemplary embodiments, it is to be un-
derstood that the invention is not limited to the disclosed
exemplary embodiments. The scope of the following
claims is to be accorded the broadest interpretation so
as to encompass all modifications, equivalent structures,
and functions.

Claims

1.  Amethod for naturally following a main shooting sub-
ject with a frame in successively displayed captured
images, the method comprising:

obtaining in each of the captured images a main
shooting subject; and

creating a frame surrounding an identified re-
gion indicating the main shooting subject; and
causing adisplay unit (110) to display composite
images on a screen, each composite image in-
cluding the frame and an image of the captured
images, such that the frame follows the main
shooting subject,
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characterized by

obtaining a first change of the main shooting
subject in a Y-axis corresponding to an up-and-
down motion of the main shooting subject and
a second change of the main shooting subject
in a X-axis from the central coordinates of an
identified region of the main shooting subject in
a current image and the central coordinates of
the frame already displayed, and

determining whether the first change is equal to
or exceeds a first reference value (A2) and
whether the second change is equal to or ex-
ceeds a second reference value (A1) which is
smaller than the first reference value (A2), and
wherein, when the first change is more than or
equal to the first reference value, the coordinate
of the Y-axis of the frame is updated based on
the first change when displaying the current im-
age, and when the second change is more than
or equal to the second reference value, the co-
ordinate of the X-axis of the frame is updated
based on the second change when displaying
the current image; and

wherein the frame is not updated otherwise.

The method according to claim 1, further comprising
obtaining posture information of an image sensor
(103) that is configured to produce the image data,
wherein the Y-axis corresponding to the up-and-
down motion of the main shooting subject is deter-
mined based on the posture information.

The method according to claims 1 or 2, wherein the
main shooting subject is a walking subject.

A computer program which when loaded into a com-
puter and executed performs a method as claimed
in any preceding claim.

A computer readable storage medium storing a com-
puter program as claimed in claim 4.

An imaging apparatus arranged to successively dis-
play captured images, so as to naturally follow a main
shooting subject with a frame in successively dis-
played captured images,

the imaging apparatus comprising:

acquisition means (115) arranged to obtain in
each of the captured images a main shooting
subject; and

creation means (112, 107) arranged to create a
frame surrounding anidentified region indicating
the main shooting subject;

display control means (117) arranged to cause
a display unit (10) to display composite images
on a screen, each composite image including
the frame and an image of the captured images,
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such that the frame follows the main shooting
subject,

characterized by

said display control means (117) being arranged
to obtain afirst change of the main shooting sub-
ject in a Y-axis corresponding to an up-and-
down motion of the main shooting subject and
a second change of the main shooting subject
in a X-axis from the central coordinates of an
identified region of the main shooting subject in
a current image and the central coordinates of
the frame already displayed, and to determine,
whether the first change is equal to or exceeds
a first reference value (A2) and

whether the second change is equal to or ex-
ceeds a second reference value (A1) which is
smaller than the first reference value (A2), and
wherein, when the first change is more than or
equal to the first reference value, the coordinate
of the Y-axis of the frame is updated based on
the first change when displaying the current im-
age, and when the second change is more than
or equal to the second reference value, the co-
ordinate of the X-axis of the frame is updated
based on the second change when displaying
the current image;

wherein the frame is not updated otherwise.

Patentanspriiche

1.

Verfahren zum natirlichen Verfolgen eines Haupt-
aufnahmeobjekts in nacheinander angezeigten er-
fassten Bildern mit einem Rahmen, wobei das Ver-
fahren umfasst:

Erhalten eines Hauptaufnahmeobjekts in jedem
der erfassten Bilder,

Erzeugen eines Rahmens, der einen das Haupt-
aufnahmeobjekt angebenden identifizierten Be-
reich umgibt; und

Veranlassen einer Anzeigeeinheit (110), Ver-
bundbilder auf einem Bildschirm anzuzeigen,
wobei jedes Verbundbild den Rahmen und ein
Bild der erfassten Bilder beinhaltet, so dass der
Rahmen dem Hauptaufnahmeobjekt folgt;
gekennzeichnet durch:

Erhalten einer ersten Anderung des Haupt-
aufnahmeobjekts in einer einer Auf-und-
Ab-Bewegung des Hauptaufnahmeobjekts
entsprechenden Y-Achse und einer zwei-
ten Anderung des Hauptaufnahmeobjekts
in einer X-Achse aus den mittigen Koordi-
naten eines identifizierten Bereichs des
Hauptaufnahmeobjekts in einem aktuellen
Bild und aus den mittigen Koordinaten des
bereits angezeigten Rahmens, und
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Bestimmen, ob die erste Anderung gleich
einem ersten Referenzwert (A2) istoder ihn
iberschreitet und ob die zweite Anderung
gleich einem zweiten Referenzwert (A1) ist,
der kleiner als der erste Referenzwert (A2)
ist, oder ihn Uberschreitet;

wobei, wenn die erste Anderung mehr als oder
gleich dem ersten Referenzwert ist, die Koordi-
nate der Y-Achse des Rahmens basierend auf
der ersten Anderung beim Anzeigen des aktu-
ellen Bilds aktualisiert wird, und, wenn die zweite
Anderung mehr als oder gleich dem zweiten Re-
ferenzwert ist, die Koordinate der X-Achse des
Rahmens basierend auf der zweiten Anderung
beim Anzeigen des aktuellen Bilds aktualisiert

wird; und
wobei der Rahmen ansonsten nicht aktualisiert
wird.

Verfahren nach Anspruch 1, weiterhin umfassend
Erhalten von Stellungsinformation eines Bildsensors
(103), der konfiguriert ist, die Bilddaten zu produzie-
ren, wobei die der Auf-und-Ab-Bewegung des
Hauptaufnahmeobjekts entsprechende Y-Achse ba-
sierend auf der Stellungsinformation bestimmt wird.

Verfahrennach Anspruch 1 oder 2, wobei das Haupt-
aufnahmeobjekt ein gehendes Objekt ist.

Computerprogramm, das bei Laden in einen Com-
puter und Ausflhren ein Verfahren wie in einem der
vorstehenden Anspriiche beansprucht durchfiihrt.

Computerlesbares Speichermedium, das ein Com-
puterprogramm wie in Anspruch 4 beansprucht spei-
chert.

Abbildungsvorrichtung, die dafiir ausgelegt ist, er-
fasste Bilder nacheinander anzuzeigen, um einem
Hauptaufnahmeobijekt in nacheinander angezeigten
erfassten Bildern mit einem Rahmen naturlich zu fol-
gen,

wobei die Abbildungsvorrichtung umfasst:

eine Beschaffungseinrichtung (115), die daflr
ausgelegt ist, in jedem der erfassten Bilder ein
Hauptaufnahmeobjekt zu erhalten;

eine Erzeugungseinrichtung (112, 107), die da-
fir ausgelegt ist, einen Rahmen zu erzeugen,
der einen das Hauptaufnahmeobjekt angeben-
den identifizierten Bereich umgibt; und

eine Anzeigesteuerungseinrichtung (117), die
daflir ausgelegt ist, eine Anzeigeeinheit (10) zu
veranlassen, Verbundbilder auf einem Bild-
schirm anzuzeigen, wobei jedes Verbundbild
den Rahmen und ein Bild der erfassten Bilder
beinhaltet, so dass der Rahmen dem Hauptauf-
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nahmeobjekt folgt;

dadurch gekennzeichnet, dass die Anzeigesteu-
erungseinrichtung (117) dafiir ausgelegt ist:

eine erste Anderung des Hauptaufnahmeob-
jekts in einer einer Auf-und-Ab-Bewegung des
Hauptaufnahmeobjekts entsprechenden Y-
Achse und eine zweite Anderung des Hauptauf-
nahmeobjekts in einer X-Achse zu erhalten aus
den mittigen Koordinaten eines identifizierten
Bereichs des Hauptaufnahmeobjekts in einem
aktuellen Bild und aus den mittigen Koordinaten
des bereits angezeigten Rahmens, und

zu bestimmen, ob die erste Anderung gleich ei-
nem ersten Referenzwert (A2) ist oder ihn tiber-
schreitet und ob die zweite Anderung gleich ei-
nem zweiten Referenzwert (A1) ist, der kleiner
als der erste Referenzwert (A2) ist, oder ihn
Uberschreitet;

wobei, wenn die erste Anderung mehr als oder
gleich dem ersten Referenzwert ist, die Koordi-
nate der Y-Achse des Rahmens basierend auf
der ersten Anderung beim Anzeigen des aktu-
ellen Bilds aktualisiert wird, und, wenn die zweite
Anderung mehr als oder gleich dem zweiten Re-
ferenzwert ist, die Koordinate der X-Achse des
Rahmens basierend auf der zweiten Anderung
beim Anzeigen des aktuellen Bilds aktualisiert

wird; und
wobei der Rahmen ansonsten nicht aktualisiert
wird.

Revendications

Procédé destiné a suivre de maniere naturelle un
sujet principal de prise de vue a 'aide d'un cadre
dans des images acquises affichées successive-
ment, le procédé comprenant :

I'obtention dans chacune des images acquises
d’'un sujet principal de prise de vue ;

la création d’'un cadre entourant une régioniden-
tifiée représentant le sujet principal de prise de
vue ; et

le fait de faire qu’une unité (110) d’affichage af-
fiche des images composites sur un écran, cha-
que image composite incluant le cadre et une
image des images acquises, de fagon que le
cadre suive le sujet principal de prise de vue,
caractérisé par :

I'obtention d’un premier changement du su-
jet principal de prise de vue suivant un axe
Y correspondant a un mouvement vers le
haut etvers le bas du sujet principal de prise
de vue et d’'un second changement du sujet
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principal de prise de vue suivant un axe X
a partir des coordonnées centrales d’'une
région identifiée du sujet principal de prise
de vue dans une image en cours de traite-
ment et des coordonnées centrales du ca-
dre déja affiché ; et

la détermination de ce que le premier chan-
gement est ou non égal ou supérieur a une
premiere valeur de référence (A2) et de ce
que le second changement est ou non égal
ou supérieur a une seconde valeur de réfé-
rence (A1) qui est plus petite que la premié-
re valeur de référence (A2), et
danslequel, lorsque le premier changement
est supérieur ou égal a la premiére valeur
de référence, la coordonnée de I'axe Y du
cadre est mise a jour en se basant sur le
premier changement lors de I'affichage de
limage en cours de traitement, et lorsque
le second changement est supérieur ou
égal a la seconde valeur de référence, la
coordonnée de I'axe X du cadre est mise a
jouren se basant surle second changement
lors de l'affichage de I'image en cours de
traitement ; et

dans lequel autrement le cadre n’est pas
mis a jour.

Procédé selon la revendication 1, comprenant en
outre I'obtention d’une information de posture d’'un
capteurd’image (103) qui est constitué pour produire
les données d’image, dans lequel I'axe Y correspon-
dant au mouvement vers le haut et vers le bas du
sujet principal de prise de vue est déterminé en se
basant sur l'information de posture.

Procédé selon la revendication 1 ou 2, dans lequel
le sujet principal de prise de vue est un sujet qui
marche.

Programme informatique qui, lorsqu’il est chargé
dans un processeur et exécuté met en oeuvre le pro-
cédé selonl'une quelconque des revendications pré-
cédentes.

Support de mémorisation lisible informatiquement
mémorisant un programme informatique selon la re-
vendication 4.

Appareil de prise de vue agencé pour afficher suc-
cessivement des images acquises de fagon a suivre
de maniére naturelle une sujet principal de prise de
vue a l'aide d’'un cadre dans des images acquises
affichées successivement,

I'appareil de prise de vue comprenant :

un moyen (115) d’acquisition agencée pour ob-
tenir dans chacune des images acquises un su-
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jet principal de prise de vue ; et

un moyen (112, 107) de création agencé pour
créer un cadre entourant une région identifiée
représentant le sujet principal de prise de vue ;

un moyen (117) de commande d’affichage 5
agenceé pour faire qu'une unité (110) d’affichage
affiche des images composites sur un écran,
chaque image composite incluant le cadre et
une image des données d’image acquises, de
fagon que le cadre suive le sujet principal de 10
prise de vue,

caractérisé :

en ce que leditmoyen (117) de commande d’af- 15
fichage est agencé pour obtenir un premier
changement du sujet principal de prise de vue
suivant un axe Y correspondant a un mouve-
ment vers le haut et vers le bas du sujet principal

de prise de vue et un second changement du 20
sujet principal de prise de vue suivant un axe X

a partir des coordonnées centrales d’'une région
identifiée du sujet principal de prise de vue dans

une image en cours de traitement et des coor-
données centrales du cadre déja affiché ; et 25
pour déterminer

si le premier changement est ou non égal ou
supérieur a une premiére valeur de référence
(A2) et

si le second changement est ou non égal ou 30
supérieur a une seconde valeur de référence
(A1) qui est plus petite que la premiére valeur

de référence (A2), et

dans lequel, lorsque le premier changement est
supérieur ou égal a la premiere valeur de réfe- 35
rence, la coordonnée de I'axe Y du cadre est
mise a jour en se basant sur le premier change-
ment lors de I'affichage de I'image en cours de
traitement, etlorsque le second changement est
supérieur ou égal a la seconde valeur de réfe- 40
rence, la coordonnée de I'axe X du cadre est
mise a jour en se basant sur le second change-
ment lors de I'affichage de I'image en cours de
traitement ; et

dans lequel autrement le cadre n'est pas misa 45
jour.
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